The aim of this study was to determine the carcass characteristics, meat quality, and fatty acid composition of wild-living mallards. The experimental materials comprised 30 mallards (1:1 sex ratio) harvested during the hunting season in northeastern Poland. The carcasses were transported to the laboratory where they were weighed individually, plucked, dressed, and dissected. The proximate chemical composition and physicochemical properties of meat and the fatty acid profile of breast muscle lipids were determined, and a histological analysis was performed. Body weight (BW) and carcass weight were higher in males than in females (P ≤ 0.05), whereas the percentage share of carcass tissue components was similar in both sexes. Edible components accounted for approximately 60% (♂) to 60.7% (♀) of the total BW of mallards, including lean meat; 40.9% (♂) to 41.5% (♀), skin with subcutaneous fat; 10.7% (♂) to 10.8% (♀), and giblets; 8.3% (♂) to 8.4% (♀). Breast muscles had high protein content (23.51%♀ to 23.6% ♂) and low fat content (0.82% ♂ to 0.84% ♀). In the fatty acid profile of breast muscle lipids, saturated fatty acids (SFA) accounted for 39.1% (♂) to 39.04% (♀), monounsaturated fatty acids (MUFA)-for 17.31% (♂) to 17.33% (♀) and polyunsaturated fatty acids (PUFA)-for 43.61% (♀) to 43.64% (♂). The diameters of type IIA and type IIB muscle fibers were lower in males than in females (P ≤ 0.05), whereas lipid storage sites in muscles were similar in both sexes. The values of cooking loss (CL), water-holding capacity (WHC), pH 24 , and color parameters of breast meat were comparable in males and females. The results of this study indicate that wild-living mallards, both males and females, are characterized by high meat quality, and that seasonal mallard harvests can provide meat with desirable eating attributes, attractive to consumers.
INTRODUCTION
The mallard (Anas platyrhynchos L.) is the ancestor of most breeds of domestic ducks. The species is widely distributed across Europe, Asia (Palearctic), and North America (Nearctic). Mallard ducks are the most common game birds in the above regions, and the species has also been introduced to Australia and New Zealand (Tracey et al., 2008; Söderquist, 2012) . In the United States, captive-reared mallards have been released from farms into natural habitats for hunting purposes since C 2017 Poultry Science Association Inc. Received April 12, 2017. Accepted October 10, 2017. 1 Corresponding author: daria.murawska@uwm.edu.pl the 1930s (Smith and Rohwer, 1997) . Harvest restrictions also have been imposed to protect natural bird populations (Review of . . . Final report, 2013) . Hunting is one of the socially and culturally important rural activities that provide food, recreation, and a mechanism to control wildlife populations (Boman and Mattson, 2012) . In Canada and many European countries, the size of wild mallard populations has been increased by artificial propagation. The hunting of released mallards is also a major source of income, which is an important economic consideration (Söderquist, 2012) .
Global poultry meat production has increased rapidly in recent yr, whereas wildfowl harvest rates have decreased. However, the number of consumers seeking new taste experiences has been growing steadily, and there has been an increased interest in meat from 709 wild-living animals, including game birds (Hoffman and Wiklund, 2006; Nuernberg et al., 2011; Ljung et al., 2015) . Mallard meat is considered a delicacy, but in many countries hunter-harvested ducks are consumed only by hunters and their families. One of the reasons is game-meat trade regulations (Bertolini et al., 2005; Nuernberg et al., 2011) . However, the development of effective sales systems facilitates the purchase of seasonally harvested game birds by non-hunters. Throughout most of Europe, game meat from free-ranging wild animals can be legally sold and distributed. For example in Sweden, nearly 2% of the total meat consumption is derived from wild game grocery stores that sell farmraised and wild game meat. Nevertheless, most game meat is thought to be attained through social networks (Ljung et al., 2015) .
Wild game meat can be a rich natural source of polyunsaturated fatty acids (PUFA), which are an important component of the human diet (Janiszewski and Kolasa, 2006; Nuernberg et al., 2011 , Neethling et al., 2016 . Numerous studies have reported the relationship between quality traits and fiber characteristics. Despite intensive research, the relationship is yet to be fully established (Joo et al., 2013) . The meat of ducks, including mallards, is classified as red. In a study by Kim et al. (2008) , the breast muscles of ducks (Chungdong ori, Anas platyrhynch) contained 73.3% of type IIB fibers and 26.7% of type IIA fibers, whereas the breast muscles of broiler chickens contained 100% of type IIB fibers. According to the cited authors, the types and mutual proportions of muscle fibers may indirectly influence the physicochemical properties of muscle tissue. Gesek et al. (2017) demonstrated that the location of intramuscular fat has a significant effect on meat quality. To the best of the authors' knowledge, the available literature provides no information on the quality of meat from mallards, which are a popular game bird species.
The aim of this study was to determine the carcass characteristics, meat quality, and fatty acid composition of wild-living mallards.
MATERIALS AND METHODS
The experimental materials comprised 30 mallards (15♂ and 15♀) harvested during the hunting season in northeastern Poland. All animals used in the present study were hunter-harvested by licensed hunters during the hunting season, in accordance with the relevant legislation in Poland.
All birds were placed in a portable refrigerator within one h postmortem (4 • C, WAECO TropiCool TC 21, Svenska, Sweden). The carcasses were transported to the laboratory where they were weighed individually, plucked, dressed, and dissected (Zio lecki and Doruchowski, 1989) . Carcass components were classified as edible or non-edible. Edible components comprised lean meat (muscle tissue, including intermuscular fat), skin with subcutaneous fat, and giblets (heart, gizzard, and liver). Non-edible components comprised feathers, head, feet, eviscera (excluding giblets), and bones.
The physicochemical properties of mallard meat were analyzed by taking samples of the Pectoralis major muscle. The pH of breast muscles was measured 24 h postmortem, directly in the left muscle with a Testo GmbH 206-pH2 meter (Wien, Austria), using a combined glass-calomel electrode. The electrode was calibrated against buffers of pH 4.0 and 7.0. The color of breast muscles was determined using a MiniScan XE Plus color difference meter (Hunter Associates Laboratory, Inc., Reston, VA), and it was classified as follows in the CIE LAB system. Parameter L * (color brightness) can assume values from 0 to 100. Parameters a * (redness) and b * (yellowness) are tri-chromaticity coordinates. They can take positive or negative values; +a * corresponds to red, −a * to green, +b * to yellow, and −b * to blue. Cooking loss (CL, %) was measured by placing weighed breast meat samples (approx. 3 cm thick), sealed in a plastic bag, in a water bath (preheated to 80
• C) for one h (Honikel, 1998) . The waterholding capacity (WHC, %) of meat was measured by the filter paper (Whatman No.1) press method (Honikel and Hamm, 1994) . The proximate chemical composition of meat and the fatty acids profile of breast muscle lipids were determined. Breast muscles were chilled at 4
• C for 12 to 15 h, put through a laboratory mincer with a 2 mm mesh, and homogenized. Analytical samples of meat were collected to determine water, protein, and fat content by standard methods (AOAC, 2005) . Fatty acid methyl esters were extracted by the modified Peisker method (Żagarska et al., 1991) . Fatty acids were separated and determined by gas chromatography using a VARIAN CP-3800 gas chromatograph (Santa Clara, CA, USA). Separation conditions were as follows: capillary column-length: 50 m, inner diameter: 0.25 mm, CP-Sil 88, film thickness: 0.25 μm, flame ionization detector (FID), detector temperature: 250
• C, injector temperature: 225 • C, column temperature: 50
• C → 200 • C, and carrier gas: helium (flow rate -1.2 mL/min), split ratio: 50:1.
During a postmortem analysis, the pectoral muscles were fixed in 10% neutralized formalin and embedded in paraffin blocks. The muscle sections (5 μm) were stained with hematoxylin and eosin (HE), as well as Mallory's trichrome (Bio-Optica, Milano, Italy) to detect connective tissues. Additionally, sections of pectoral muscles were submerged in 30% saccharose solution with sodium azide and then frozen. Frozen tissue specimens were cut into 8 μm-sections and stained with Oil Red O (Bio-Optica, Italy) to detect lipids. Each section was imaged using the Panoramic MIDI scanner (3DHISTECH, Budapest, Hungary). Photographs were taken, and the fiber diameters were measured using Panoramic Viewer software (3DHISTECH, Hungary), and a minimum of 100 fibers were counted in each muscle section. Lipid concentrations were evaluated using an established 3-point scale: (+) low lipid content; (++) Gesek et al., 2017) .
A statistical analysis involved the determination of arithmetic means (X ) and the standard error of the mean (SEM) for the traits analyzed in the study. Data were subjected to one-way analysis of variance with 2 levels of the factor (males, females), using Student's t test or by a chi-squared test (lipid accumulation). The results were processed in the Statistica 2011 application (StatSoft Inc., 2011).
RESULTS AND DISCUSSION
Mallards (Anas platyrhynchos L.) are characterized by considerable sexual dimorphism, which is manifested in plumage differences and size differences between the sexes, including differences in body weight (BW), carcass weight, and in the weights of carcass parts. In the present study, the average BW of males reached 1,174.3 g, and it was 140.2 g higher than the BW of females (1,034.1; P ≤ 0.01; Table 1 ). Similar BW was reported for wild mallards harvested during the hunting season in Hungary (Szász et al., 2006) and for 8-week-old mallards raised under a semi-intensive system (Ksi ażkiewicz, 2006) . The average carcass weight of males was 81.1 g higher than the carcass weight of females (745.5 g vs. 664.4 g; P ≤ 0.05). Higher carcass weight was reported for 12-week-old farm-raised mallards (Ismoyowati et al., 2016) . Apart from flavor characteristics, carcass composition and lean content are the key indicators of meat quality. The most valuable carcass parts are the breast and legs, followed by the back portion, wings, and neck. Such criteria of carcass attractiveness apply also to the carcasses of wildfowl. In our study, the breast and legs (meat including skin, subcutaneous fat, and bones) accounted for 57% of total carcass weight in male and female mallards. Breast weight was higher in males than in females (313.7 g ♂ and 278.8 g ♀; P ≤ 0.05), similarly as the weight of legs Table 1 ). Wnuk et al. (2014) also observed that the weights of carcass parts in adult mallard ducks were affected by gender. In contrast, no differences in BW, carcass weight, or the weights of carcass parts were found between young (up to 42 d of age) male and female mallards (Murawska et al., 2016) .
The total weight of edible components reached 698.5 g in males, and it was 73.3 g higher than in females (625.2 g; P ≤ 0.05), but only meat weight was higher in males than in females (473.2 g vs. 429.7 g; P ≤ 0.01). No differences were observed between sexes in the weight of skin with subcutaneous fat (127.4 g ♂ and 111.4 g ♀) or total giblet weight (93.7 g ♂ and 87.2 g ♀). Fat content is influenced by genetic factors, such as breed, thus explaining the lower meat fat content in Muscovy ducks than in mallards (Ismoyowati et al., 2016) . In water birds, large amounts of fat deposited under the skin provide protection from cold in the winter and serve as a reserve of energy during long-distance seasonal migrations (Ksi ażkiewicz, 2006) . The results of studies investigating different breeds of domestic waterfowl suggest that they still store energy reserves as fat, and that this atavistic feature is still observed in modern commercial duck and goose lines (Murawska, 2013; Sari et al., 2013 Hrnčár et al., 2014 . Wild ducks accumulate less fat than their farmed counterparts (Söderquist, 2012; Murawska et al., 2016) , which is probably related to food availability. In the carcasses of 8-week-old Pekin ducks raised under an intensive production system, there is 0.8 g of skin with subcutaneous fat per 1 g of lean meat (the ratio of lean meat to skin with subcutaneous fat is 1:0.8; Murawska, 2012) . In our study, there was only 0.3 g of skin with subcutaneous fat per 1 g of lean meat (the ratio of lean meat to skin with subcutaneous fat was 1:0.3) in both male and female mallards (Table 1) , which indicates that mallard carcasses are characterized by a desirable proportion of lean meat to skin with subcutaneous fat.
The weights of edible and non-edible components were calculated relative (%) to total BW. A statistical analysis of these results revealed no significant differences between males and females (Figure 1a,b) .
Edible and non-edible components accounted for 60.0 and 38.9.5% of the total BW of males ( Figure 1a ) and for 60.7 and 37.6% females (Figure 1b) of mallards, respectively. Similar valued were reported for Pekin ducks, but mallards were characterized by higher percentages of edible components (Murawska, 2012) . In mallards, meat accounted for 40.9 to 41.5% (♂ and ♀); skin with subcutaneous fat, 10.7 to 10.8% (♂ and ♀); and giblets, 8.3 to 8.4% (♂ and ♀) of total BW ( Figure  1a,b) . In comparison with intensively farmed 8-week-old Pekin ducks (♂♀), lean meat content was over 10 to 11% higher in mallards, and the content of skin with subcutaneous fat was significantly (by approx. 14%) lower (Murawska, 2012) .
Mallards are characterized by a desirable distribution of muscle tissue in the body. In our study, nearly 70% of lean meat was located in the most valuable carcass parts, i.e., the breast and legs, with breast and leg muscles accounting for over 53% and approximately 15%, respectively (similar in both sexes; Table 1 ). Research findings show that the percentage of breast and leg muscles in the carcass varies across duck species (Is . guzar et al., 2002) . In intensively farmed 8-week-old Pekin ducks, breast and leg muscles account for approximately 33 and 27% of total lean meat, respectively (Lorenzo et al., 2011) . In a study of large-type Korean native ducks aged 8 wk, the breast and legs accounted for 21.2 and 13.5% of carcass weight, respectively (Hong et al., 2014) .
Protein and lipid concentrations in mallard meat may vary depending on, among others, habitat quality (Is . guzar et al., 2002; Lorenzo et al., 2011; Hong et al., 2014) . In our study, the breast muscles of mallards had relatively high protein content (23.5% ♂ to 23.6% ♀) and low fat content (0.82% ♂ to 0.84% ♀; Table 2 ). Other authors noted lower protein content (20.8%) and considerably higher fat content (3.4%) in the breast muscles of free-living mallards (Cobos et al., 2005) . Fatty acids from C 12 to C 22:6 were identified in lipids extracted from the breast muscles of mallards ( 2011), whereas the concentrations of individual fatty acids differed from those determined in other studies. This could be due to differences in diet composition and the availability of food resources in the habitats where wild ducks were harvested for the present experiment. Wild ducks are omnivorous birds that eat a wide variety of foods, including aquatic plants and tiny animals. According to Mishra et al. (1993) and Nuernberg et al. (2011) , relatively high levels of PUFAs(C 20 and C 22 ) in lipids extracted from the meat of wild ducks result from the birds' diet, as the above fatty acids may originate from exogenous sources. A histopathological analysis of pectoral muscles revealed normal structure of muscle fibers, with no visible lesions. The accumulation of adipose tissue in the perimysium between fascicles was noted only in 2 cases in males. Hypertrophy of smooth muscles in arteries was observed in one male and one female, and it had no influence on muscle quality. Mallory's trichrome staining revealed no connective tissue proliferation in mus- cle samples. Wild mallards should be treated as slowgrowing birds that are less predisposed to changes in muscles compared with fast-growing birds (Kuttappan et al., 2013) . Such a tendency also was observed in our study.
Unlike in Korean native ducks and commercial ducks (Lee et al., 2015) , no significant differences in CL, WHC, pH 24 , or color of breast meat (L * , a * , b * , Table 3 ) were found between male and female mallards. The values of CL reached 34.58% in males and 34.78% in females, and they were similar to those reported by Kim et al. (2008) in Chungdong ori (Anas platyrhynch) ducks, but higher than in Korean native ducks and commercial broiler ducks (Muhlisin et al., 2013) . The WHC of breast meat determined in mallards in our study (46.7% in males and 47.3% in females) was comparable with the value reported in Korean native ducks by Kwon et al. (2014) . The average pH 24 of mallard breast meat (6.05 in males and 6.08 in females) was similar to the values noted in Polish conservative flocks of ducks (Kisiel and Ksi ażkiewicz, 2004) and Korean native ducks (Kwon et al., 2014) . In both males and females, the breast meat of mallards had a darker color (L * , a * , b * ; Table 3 ) than the meat of native ducks (Miniduck K2 and Pekin P33, Kisiel and Ksi ażkiewicz, 2004) and commercial meat-type ducks (Kwon et al., 2014) .
Muscle fiber characteristics influence meat quality characteristics, such as color, WHC, marbling, and texture. In our study, the diameters of type IIA and type IIB fibers were lower in males than in females (IIA 15.35 μm and 16.14 μm, IIB 33.91 μm and 36.51 μm in males and females, respectively; P ≤ 0.05; Table 3 ). Bernacki et al. (2008) demonstrated that the average diameter of fibers of the superficial pectoral muscle in Star 63 broiler ducks, characterized by high BW, was significantly lower than that of crossbred Dworka ducks (CaA15). The diameters of muscle fibers determined in mallards in our study were comparable with those reported in Dworka crossbreeds (CaA15).
In our study, the analysis of Oil Red O staining (Table 4 ) and the established 3-point scale revealed different locations of adipose tissue in the Pectoralis major muscle of mallards: around vessels, in the perimysium between fascicles (Figure 2c,d) , in the endomysium between fibers (Figure 2a,b,e,f) , and in the sarcoplasm, where lipids were found only in type IIA fibers (Figure 2g) . The largest accumulation of lipids was noted around vessels and in the perimysium between fascicles ( Table 4) . As already mentioned, there is no information available on the specific location of lipids in the skeletal muscles of mallards. A similar lipid location to that noted in mallards was observed by Gesek et al. (2017) in Polish native Greenleg Partridge roosters and capons.
In conclusion, wild mallards (Anas platyrhynchos L.) are characterized by desirable carcass tissue composition and a desirable distribution of tissue components in the body. Lean meat and skin with subcutaneous fat account for 40.9% (♂) to 41.5% (♀) and 10.7% (♂) to10.8% (♀) of the total BW of mallards, respectively. The most valuable muscle was similar in both sexes, i.e., the breast muscle, accounting for over 53% of lean meat, and edible components have a nearly 60% share of the total BW of mallards. The values of CL, WHC, pH 24 , and color (L * , a * , b * ) of breast muscles are similar in male and female mallards, and comparable with those reported in native duck breeds that have enjoyed growing interest recently. Muscle fiber diameter and lipid storage sites also point to the specific attributes of game meat. The results of this study indicate that the meat of wild-living mallards can be attractive to modern consumers.
